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(54) Aqueous dispersion for chemical mechanical polishing and chemical mechanical polishing 
process 



(57) There are provided aqueous dispersions for 
CMP that can efficiently polish both copper films and 
barrier metal films, which can give sufficient flattened 
finished surfaces without excessive polishing of insulat- 
ing films, as well as a CMP process employing the aque- 
ous dispersions. The aqueous dispersions for CMP ac- 
cording to the invention are characterized in that for pol- 
ishing of a copper film, barrier metal film and insulating 
film under the same conditions, the polishing rate ratio 
(Rci/Rbm) of trie copper film (R Cu ) and the barrier metal 
film (Rbm) is such that 0.5 <, R C i/ r bm ^ 2 > and the P 0,_ 
ishing rate ratio (R C i/ R in) of the copper film (Rc u ) and 
the insulating film (R )n ) is such that 0.5 < R Cu /R in ^ 2 - 
Other aqueous dispersions for CMP according to the in- 
vention are characterized in that they contain an abra- 
sive, a heterocyclic compound, an organic acid and an 
oxidizing agent, and for polishing of a copper film, barrier 
metal film and insulating film under the same conditions, 
the polishing rate ratio (Ro/ r bm) °f the copper film 
(R Cu ) and the barrier metal film (R BM ) is such that 0 < 
R Cu /R BM < 5, and the polishing rate ratio (R|„/Rbm) of 
the insulating film (R, n ) and th barri r metal film (R BM ) 
is such that 0 < R|n/R B M ^ 2. Th CMP process of the 
invention is characterized by using thes aqueous dis- 
persions for CMP in th second stage of two-stag pol- 
ishing, in the s cond stag of thre -stag polishing or 
in the third stage of three-stage polishing. 



Fig. i 



ft 
II 



f ! ? 

ts j 8 



E 

f 
I 



Printed by Jouve, 75001 PARIS (FR) 



EP 1 116 762 A1 



D cription 

[BACKGROUND OF THE INVENTION] 
5 [Fi Id of the Inv ntlon] 

[0001 ] The present invention relates to an aqueous dispersion for chemical mechanjcal polishing (hereunder referred 
to as "aqueous dispersion") and to a chemical mechanical polishing process. More specifically, the invention relates 
to an aqueous dispersion capable of efficient polishing of various types of working films formed on semiconductor 
10 substrates, which allows free adjustment of the polishing rate ratios for copper films, barrier metal films and insulating 
films, and which can give adequately flattened and high precision finished surfaces, as well as to a chemical mechanical 
polishing process employing the aqueous dispersion. The aqueous dispersion of the invention is particularly useful for 
the second-stage chemical mechanical polishing step of two-stage polishing processes, or for the second-stage or 
third-stage chemical mechanical polishing step of three-stage polishing processes. 

15 

[Description of the Prior Art] 

[0002] A recent technique used In the manufacture of semiconductor devices is a process whereby a hole or groove 
is formed in an insulating film on a processing wafer, and then a barrier metal film made of a hard metal or the like Is 
20 formed and a wiring material such as tungsten, aluminum or copper is embedded in the hole or groove to form a wiring 
material film, after which the unnecessary portions of the wiring material film and barrier metal film are removed by 
chemical mechanical polishing (hereunder referred to as "CMP") to complete the wiring. The wiring formed by this 
technique is known as damascene wiring. 

[0003] It is common to form damascene wiring by a CMP process comprising a plurality of CMP steps. 

25 For example, in a CMP process comprising two CMP steps (hereunder referred to as "two-stage polishing proc- 

ess"), the wiring material such as copper is polished mainly in the first-stage CMP step, and the barrier metal film is 
polished mainly in the second-stage CMP step. Several forms of the two-stage polishing process have been proposed, 
and a great number of aqueous dispersions for use in each stage have also been proposed. 
[0004] First two-stage polishing process involves polishing in the first-stage CMP step until the copper is almost 

30 completely removed, and then removing just the barrier metal film in the second-stage CMP step. In this case, dishing 
often occurs in the wiring sections during the first-stage CMP step, and this dishing cannot be corrected by the second- 
stage CMP step in which mainly the barrier metal film is polished, and therefore it is sometimes difficult to form satis- 
factory damascene wiring. 

Second two-stage polishing process that has been proposed involves incomplete removal of the copper in the 
35 first-stage CM P step to an extent that does not cause dishing in the wiring sections, and removal of the copper remaining 
from the first-stage CM P step with the barrier metal film in the second-stage CMP step. This process sometimes results 
in inadequate smoothness of the finished surface, and requires a longer time to complete the polishing, thus also 
leading to the problem of increased costs. 

In the first and second processes mentioned above, different polishing performance is required for the aqueous 
40 dispersions used in the second-stage CMP step, and therefore different aqueous dispersions with different component 
contents are used for the second stages, respectively. 

[0005] In manufacturing processes for semiconductor devices, insufficient flatness of the underiayer wiring can cause 
unwanted irregularities on the surface of the insulating film, and the copper film and barrier metal film formed over 
those irregularities often create "waviness". As a measure against such situations, it has been proposed to employ a 
45 polishing process with three CMP steps (hereunder referred to as "three-stage polishing process") in order to eliminate 
the waviness and obtain a flatter finished surface. The third-stage CMP step uses an aqueous dispersion whose com- 
ponents and composition are suited for that step. 

[0006] In the various CMP steps described above, however, it is not easy to accomplish efficient polishing of barrier 
metal films made of metals with high hardness, such as tantalum. On the other hand, since copper films are relatively 

so soft they are easy to polish and can produce dishing, sometimes preventing a flat finished surface. Wiring breaks also 
sometimes occur due to scratching and the like. 

When the polishing surface is a porous insulating film with a low dielectric constant, it is difficult to achieve an 
adequate polishing rate if an aqueous dispersion with a low pH is used for the CMP, and conversely if the pH is high, 
the insulating film is excessively polish d making it difficult to form satisfactory damascen wiring. It also becomes 

55 difficult to pr vent scratches during the CMP of porous insulating films with low di lectric constants. 
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[SUMMARY OF THE INVENTION] 
[Problems to be Solv d by the Invention] 

5 [0007] It is an obj ct of the present invention to provide an aqueous dispersion for ch mical mechanical polishing 
that can give sufficiently flatt ned and highly precise finish d surfaces and can form satisfactory damascene wiring, 
as well as a chemical mechanical polishing process employing the aqueous dispersion. 

It is another object of the invention to provide an aqueous dispersion for chemical mechanical polishing that can 
efficiently polish both copper films and barrier metal films, which can give sufficient flattened finished surfaces without 

io excessive polishing of insulating films, and which can form satisfactory damascene wiring, as well as a chemical me- 
chanical polishing process employing the aqueous dispersion. 

[Features of the Invention] 

15 [0008] We studied polishing of working films formed on semiconductor substrates with the object of obtaining an 
aqueous dispersion for chemical mechanical polishing capable of sufficiently flattening finished surfaces. 

As a result, it was discovered that finished surfaces which are sufficiently flattened with high precision can be 
obtained by polishing of a copper film, barrier metal film and an insulating film under the same conditions if the aqueous 
dispersion used for the CMP has a specific value for the polishing rate ratio for each film. 

20 w was further discovered that by using an aqueous dispersion with a specific composition containing a heterocyclic 

compound, an organic acid, an oxidizing agent and if necessary a surfactant, it is possible to easily adjust the polishing 
rate ratios for the copper film, barrier metal film and insulating film, and to efficiently polish the copper film and barrier 
metal film while giving a sufficiently flattened and highly precise finished surface with no excessive polishing of the 
insulating film. 

25 The present invention has been accomplished on the basis of these discoveries. 

[0009] In other words, the aforementioned problems are solved by the present invention which provides an aqueous 
dispersion for chemical mechanical polishing and a chemical mechanical polishing process having following constitu- 
tions. 

30 [1] An aqueous dispersion for chemical mechanical polishing characterized in that, for polishing of a copper film, 

barrier metal film and insulating film under the same conditions, the ratio (Rq/Rbm) of the polishing rate for said 
copper film (R Cu ) and the polishing rate for said barrier metal film (Rbm) is sucri that 0 5 5 R a/ R BM ^ 2 » ar, d the 
ratio (Rci/ R in) °' the polishing rate for said copper film (Rq u ) and the polishing rate for said insulating film (R, n ) is 
such that 0.5 < RcJ H \n 5 2 - 

35 [2] An aqueous dispersion for chemical mechanical polishing according to [1] above, wherein said barrier metal 

film is composed of tantalum and/or tantalum nitride. 

[3] An aqueous dispersion for chemical mechanical polishing according to [1 ] or [2] above, which contains at least 
an abrasive, water and a polishing rate adjusting component. 

[4] An aqueous dispersion for chemical mechanical polishing according to [3] above, wherein said abrasive consists 
40 of at least one type of particles selected from among inorganic particles, organic particles and inorganic/organic 

composite particles. 

[5] An aqueous dispersion for chemical mechanical polishing according to [3] above, wherein said polishing rate 
adjusting component is maleic acid ion. 

[6]An aqueous dispersion for chemical mechanical polishing according to [5] above, wherein the concentration of 
45 said maleic acid ion is 0.005-1 mole/liter. 

[7] An aqueous dispersion for chemical mechanical polishing according to any one of [1] to [6] above, wherein the 
pH is 7-11. 

[8] An aqueous dispersion for chemical mechanical polishing characterized in that it contains an abrasive, a het- 
erocyclic compound, an organic acid and an oxidizing agent, and for polishing of a copper film, barrier metal film 
50 and insulating film under the same conditions, the ratio (Rci/^bm) ot tr, e polishing rate for said copper film (Rc u ) 

and the polishing rate for said barrier metal film (R B m) is sucrt that 0 < ^W^bm ^ 5 < and the ratio (R^Bbm) °f me 
polishing rate for said insulating film (R ln ) and the polishing rate for said barrier metal film R BM is such that 0 < R jr / 

FW2. 

[9] An aqueous dispersion for chemical mechanical polishing according to [8] above, wherein the pH is below 8.5, 

55 said ratio Rct/ R BM ls such that 05 < ^W^BM 5 5 » an d said rat '° R lr/ R BM * s such that 0 < Rlr/^BM £ 0.1 . 

[10] An aqu ous dispersion for chemical mechanical polishing according to [9] abov , wh r in said het rocyclic 

compound is either or both quinaldinic acid or 7-hydroxy-5-methyl-1 ,3,4-triazaindolizine. 

[11] An aqueous dispersion for chemical m chanical polishing according to [8] or [9] above, which furth r contains 
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a surfactant at 0.0001-0.1 wt%. 

[12]An aqu ous disp rsion for chemical mechanical polishing according to [8] abov , wh rein the pH is 8.5 or 
above, said ratio BcJR m is such that 0 < Rci/ r bm * °r 1 . said ratjo R in/ R BM is such that 0 < R ir/ R BM * 01 . and 
which furth r contains a surfactant at 0.0001-0.1 wt%. 
5 [1 3] An aqu ous disp rsion for ch mical mechanical polishing according to [12] above, wherein said h terocyclic 

compound is benzotriazole. 

[14] An aqueous dispersion for chemical mechanical polishing according to [8] above, wherein the pH Is 8.5 or 
above, said ratio Rq/Rbm is such that 0 < R C i/ r bm * ° 05 - and sald ratio R ir/ R BM js such that °- 1 < R ir/ R BM * 2 - 
[15] An aqueous dispersion for chemical mechanical polishing according to [14] above, wherein said heterocyclic 
10 compound is at least one from among benzotriazole, quinaldinic acid and 7-hydroxy-5-methyl-1,3,4-triazain- 

dolizine. 

[16]A chemical mechanical polishing process characterized by comprising 

a first stage of chemical mechanical polishing which employs an aqueous dispersion for chemical mechanical 
15 polishing with a ratio (Rq/ r bm) of the polishing rate for copper films (R^,) and the polishing rate for barrier 

metal films (R BM ) of 20 or greater, and 

a second stage of chemical mechanical polishing which employs an aqueous dispersion for chemical mechan- 
ical polishing according to any one of [1 ] to [7] above. 

20 [17] A chemical mechanical polishing process characterized in that the second stage of chemical mechanical 

polishing of a polishing process comprising two stages of chemical mechanical polishing is carried out using an 
aqueous dispersion for chemical mechanical polishing according to any one of [9] to [15] above. 
[18] A chemical mechanical polishing process characterized in that the second stage of chemical mechanical 
polishing of a polishing process comprising three stages of chemical mechanical polishing is carried out using an 

25 aqueous dispersion for chemical mechanical polishing according to any one of [9] to [11 ] above. 

[1 9] A chemical mechanical polishing process characterized in that the third stage of chemical mechanical polishing 
of a polishing process comprising three stages of chemical mechanical polishing is carried out using an aqueous 
dispersion for chemical mechanical polishing according to any one of [12] to [15] above. 

30 [Effect of the Invention] 

[0010] The aqueous dispersion of the invention according to Claims 1 to 7 has a specific ratio between the polishing 
rates for copper films and barrier metal films and a specific ratio between the polishing rates for copper films and 
insulating films, thus allowing working films to be polished to the same degree at suitable rates while producing no 
35 scratches or dishing, so that the dispersion is useful for manufacture of semiconductor devices. 

According to the CMP process of the invention as described in Claim 16, an aqueous dispersion according to 
the invention as described in any of Claims 1 to 7 is used to obtain finished surfaces with sufficient flatness and high 
precision. 

[0011] According to the aqueous dispersion of the invention as described in Claims 8 to 15, the composition of the 
40 aqueous dispersion may be changed to allow easy adjustment of the polishing rate ratio between the copper film, 
barrier metal film and insulating film. This allows the barrier metal film to be polished with adequate efficiency, and 
offers an aqueous dispersion for CMP that does not excessively polish the insulating film. The aqueous dispersion, as 
described in Claims 1 7 to 1 9, is useful for the second stage of a two-stage polishing process, or for the second stage 
or third stage of a three-stage polishing process in the manufacture of semiconductor devices. 
45 [0012] Such easy adjustment of the polishing rate ratio by changing the composition is preferred because it requires 
no complicated apparatuses or complex procedures at the aqueous dispersion supply end. It is also preferred because 
the demand end only needs to store the suitable and necessary amounts of aqueous dispersions for each polishing, 
and the storage volume can therefore be reduced. 

50 [BRIEF DESCRIPTION OF THE DRAWING] 

[0013] Fig. 1 is a model illustration showing the polishing sections removed during each stage for elimination of wafer 
waviness by a two-stage polishing process and a three-stage polishing process. 

55 [DETAILED DESCRIPTION OF THE INVENTION] 

[0014] The "copper film" may be formed from pure copper, or it may be formed from an alloy containing at least 
95wt%, such as copp r-silicon or copper-aluminum. 
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[0015] Th "barrier metal film" is formed from a m tai with high hardness such as tantalum or titanium, or from their 
nitrides, oxides, and the like. Here, a "m tai such as tantalum" is not limited to pure tantalum, but includes alloys 
containing tantalum such as tantalum-niobium. Nitrides of tantalum or titanium (tantalum nitrid , titanium nitride) ar 
also not limited to pure products, and for example, th y may contain oth r metal nitrides. Particularly preferred as 
5 barrier metal films are tantalum films and/or tantalum nitride films. 

Th barrier m tai film will usually b formed of just on from among metals such as tantalum and titanium or their 
nitrides, oxides, and the like, but barrier metal films composed of two different compositions, for example, a barrier 
metal film composed of tantalum and a barrier metal film composed of tantalum nitride, may also be used together on 
the same substrate. 

io [0016] The "insulating film" may be not only an ordinary Si0 2 film, but also a thermal oxidation film such as plasma 
TEOS, or an insulating film with a low dielectric constant for the purpose of enhancing performance of a VLSI. As 
"insulating films with a low dielectric constant" there may be used insulation films comprising silsesquioxane (dielectric 
constant: approximately 2.6-3.0), fluorine-containing Si0 2 (dielectric constant: approximately 3.3-3.5), polyimide-based 
resins (dielectric constant: approximately 2.4-3.6, trade name "PIQ" by Hitachi Chemical Industries Co., Ltd.; trade 

is name "FLARE" by Allied Signal Corp., and the like), benzocyclobutene (dielectric constant: approximately 2.7, trade 
name "BCB" by Dow Chemical Corp., and the like), hydrogen -containing SOG (dielectric constant: approximately 
2.5-3.5) and organic SOG (dielectric constant: approximately 2.9, trade name "HSGR7" by Hitachi Chemical Industries 
Co., Ltd.) and the like. 

[0017] "Same conditions" means that a specific model of polishing apparatus is used, and that all of the conditions 
20 that affect the polishing results, such as the table and head rotation, polishing pressure, polishing time, type of polishing 

pad used and supply rate of aqueous dispersion per unit time, are the same. 

These conditions may be set as appropriate so long as the comparison is made under the same conditions, but 

they are preferably actual polishing conditions or nearly actual conditions. For example, it is possible to apply a table 

rotation speed of 30-1 20 rpm and preferably 40-1 00 rpm, a head rotation speed of 30-1 20 rpm and preferably 40-1 00 
25 rpm, a table rotation speed/head rotation speed ratio of 0.5-2 and preferably 07-1 .5, a polishing pressure of 100-500 

g/cm 2 and preferably 200-350 g/cm 2 , and an aqueous dispersion supply rate of 50-300 mi/min and preferably 1 00-200 

ml/min. 

The "ratio" of the polishing rates may be calculated from the values of the polishing rates of the copper film, 
barrier metal film and insulating film when they are separately polished under the aforementioned same conditions. 

30 The polishing may be accomplished using a wafer provided with a copper film, barrier metal film and insulating film. 
[0018] In an aqueous dispersion as described in Claims 1 to 7, the ratio (Rq/ r bm) of the copper film polishing rate 
(Rc u ) and barrier metal film polishing rate (R B m) te sucn that 0 5 5 ^o/^bm 5 2 - Tne ratjo (Ro/Rbm) te preferably such 
that 0.7 < Rci/Rbm * 1 - 5 > more preferably such that 0.8 < Ro/Rbm s 1 - 2 « and even more preferably 0.9 <, Ro/ r bm 5 
1 . 1 . If the ratio (Rq/Rbm) ' s ,ess than 0 5 the copper film may not be polished at a sufficient rate, and when the copper 

35 film at the sections other than the grooves or holes (the sections forming the wiring) has been incompletely removed 
by the first stage of polishing in a two-stage polishing process, a longer time is necessary to remove the unnecessary 
copper film in the second stage of polishing. On the other hand, if (Ro/ r bm) is greater than 2, the copper film may be 
excessively polished during the second stage of polishing, becoming a source of dishing and making it impossible to 
form satisfactory damascene wiring. 

40 [0019] Jn an aqueous dispersion as described in Claims 1 to 7, the ratio (Ro/Rin) of the copper fj| m polishing rate 
(Rcu) and insulating film polishing rate (R, n ) is such that 0.5 < R^/R^ < 2. The ratio (Rci/R| n ) is preferably such that 
0.7 ^ Rd/Rin ^ 1 - 5 » rnore preferably such that 0.8 < Ra/R| n * 1 - 2 > an d even more preferably 0.9 ^ Rci/ R in * 1 .1 . If 
the ratio (Rci/R| n ) is greater than 2 the copper film may be excessively polished when the aqueous dispersion is used 
for polishing of a working film on a semiconductor substrate, resulting in dishing at the wiring sections and making it 

« impossible to obtain a finished surface with sufficient flatness and high precision. On the other hand, if Ra/R|n is less 
than 0.5, the insulating film may be excessively polished, making it impossible to form satisfactory damascene wiring. 
[0020] An aqueous dispersion as described in Claims 1 to 7 is useful as an aqueous dispersion to be used for the 
second stage of polishing in a damascene wiring-forming step. It is also particularly useful for the second stage of 
polishing in a two-stage polishing process using an aqueous dispersion wherein Rci/Rbm is 20 or greater(more pref- 

50 erabiy 40 or greater, and even more preferably 50 or greater), as in the CMP process described in Claim 16. 

When an aqueous dispersion of the invention is used in a one-stage polishing process and/or in the first stage 
of a two-stage polishing process, there are sometimes economical disadvantages because of the time required for 
polishing and the need for large amounts of the aqueous dispersion. In the CMP process described in Claim 16, the 
ratio Rci/Rbm of tne ac l ueous dispersion used for polishing in the first step is preferably not less than 20, because this 

55 may require more time for polishing in th first step and may necessitate a gr ater amount of aqueous disp rsion. 
[0021] For an aqueous disp rsion as describ d in Claims 8 to 15, the ratio (Ro/Rbm) ot tn C0 PP r f ' Im polishing 
rat (Rc u ) and barrier metal film polishing rate (R BM ) is such that 0 < Ro/ r bm ^ 5. 

[0022] An aqueous disp rsion according to Claim 9, with a pH of b low 8.5, an Rci/^bm rat '° such that 05 < R Ci/ 
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R BM s 5 and an FVRbm ratio such tnat 0 < R ir/ R BM * 01 [hereunder r ferr d to as "aqu ous dispersion (a)"], is 
particularly ffectiv when us d in the second stag of a two-stage polishing process or the second stage of a three- 
stage polishing process, as according to Claims 1 7 and 1 8. The Rci/Rbm ratio of aqueous disp rsion (a) may b such 
that 0.5 < Rci/Rbm £ 3, or such that 0.5 < R^R^ < 2. The RJRbm ratjo ma y b such that 0 < R ir/ R BM ^ 009 . or 
5 such that 0<R lr /R BM ^ 0.085. By using aqueous disp rsion (a), th copp r film is polish d while the barrier metal film 
is also adequat ly polished, with no xcessive polishing of the insulating film. 

[0023] An aqueous dispersion according to Claim 1 2, with a pH of 8.5 or above, an Rci/Rbm ratio sucn tnat 0 < R a/ 
R B m 5 01 . an R ir/ R BM ratio such that 0 < R^Rbm ^ 0.1 , and containing a surfactant at 0.0001 -0.1 wt% [hereunder 
referred to as "aqueous dispersion (b)"], is particularly effective when used in the second stage of a two-stage polishing 

10 process or the third stage of a three-stage polishing process, as according to Claims 1 7 and 1 9. The Rcu^bm ratio of 
aqueous dispersion (b) may be such that 0 < R C i/ r bm * 0 08 » or such that 0 < Rci/Rbm < 0.05. The R lr /R B M ratio may 
be such that 0 < R ln /R B M * 0.09, or such that 0 < R ln /R B M ^ 0.085. By using aqueous dispersion (b), the copper film is 
only slightly polished whilethe barrier metal film is adequately polished, with no excessive polishing of the insulatingfilm. 
[0024] An aqueous dispersion according to Claim 1 4, with a pH of 8.5 or above, an Ro/Rbm ratio sucn that 0 < R a/ 

is R BM <, 0.05 and an R ln /R B M ratio such that 0.1 < R ln /R B M * 2 [hereunder referred to as "aqueous dispersion (c)"], is 
particularly effective when used in the second stage of a two-stage polishing process or the third stage of a three-stage 
polishing process, as according to Claims 17 and 19. The Rci/Rbm ra tio of aqueous dispersion (c) may be such that 
0 < R C i/ r bm s 0- 03 » or sucn that 0 < Ro/Rbm s ° 02 - The R if/ R BM ratio may be such that 0.1 < R lr /R B M * 1 .5, or such 
that 0.1 < R|r/ R BM ^ O- 8 ' By us ' n 9 a queous dispersion (c), there is almost no polishing of the copper film, the barrier 

20 metal film is adequately polished, and the insulating film is suitably polished to eliminate waviness. 

[0025] These aqueous dispersions (a), (b) and (c) may be appropriately selected for use based on whether the 
copper film has been completely removed in the first stage of polishing or the second stage of polishing has been 
carried out without completion of the copper film polishing in the first stage of polishing, or on the presence and extent 
of waviness. 

25 Fig. 1 shows a model illustration of the difference in the polished sections at each step in two-stage polishing 

and three-stage polishing, where waviness have been produced on the wafer. 

[0026] The "abrasive" used is preferably of at least one type of particle selected from among inorganic particles, 
organic particles and inorganic/organic composite particles. Inorganic particles are preferred, with silica particles and 
especially colloidal silica particles being most preferred for the abrasive. 

30 [0027] "Inorganic particles" may be particles composed of silica, alumina, titania, zirconia, ceria or the like. The 
inorganic particles are preferably of high purity. Specifically, there may be mentioned particles composed of silica, 
alumina, titania or the like which are synthesized by (1) a fumed method in which oxygen and hydrogen are reacted 
with silicon chloride, aluminum chloride or titanium chloride in a gas phase, (2) a sol-gel method in which a metal 
alkoxide such as tetraethoxysitane or a titanium alkoxide is hydrolyzed and condensation is carried out forthe synthesis, 

35 and (3) an inorganic colloid method in which the impurities are removed by purification. 

[0028] "Organic particles" may be particles composed of a thermoplastic resin such as any of those listed as (1) to 
(4) below. 

(1) Polystyrene and styrene-based copolymers 
40 (2) (Meth)acrylic resins such as polymethyl methacrylate and (meth)acrylic copolymers 

(3) Polyvinyl alcohol, polyacetal, saturated polyester, polyamide, polyimide, polycarbonate and phenoxy resins 

(4) Polyolef ins such as polyethylene, polypropylene, poly-1 -butene and poly-4-methyl-1 -pentene, and olefin-based 
copolymers 

45 [0029] These organic particles may be produced by emulsion polymerization, suspension polymerization, emulsifying 
dispersion, pulverization, and the like. 

[0030] The organic particles may be composed of a polymer with a crosslinked structure, obtained by copolymeri- 
zation of styrene, methyl methacrylate or the like with divinyl benzene, ethyleneglycol dimethacrylate or the like. The 
hardness of the organic particles can be adjusted by the degree of crosslinking. 
so There may also be used organic particles composed of thermosetting resins such as phenol resins, urethane 

resins, urea resins, melamine resins, epoxy resins, alkyd resins and unsaturated polyester resins. 

These different types of inorganic particles and organic particles may be used alone or in combinations of two 
or more types. 

[0031] "Inorganic/organic composite particles" may consist of inorganic particles and organic particles formed inte- 
55 grally to an extent so as not to asily separate during the CMP proc ss, and th rear no particular restrictions on their 
types or structur s. 

As inorganic/organic composite particles (hereunder referred to as "composit particles") th r may be used 
partici s formed by polycond nsation of an alkoxysilane, aluminum alkoxid , titanium alkoxid or the like in th pres- 
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ence of polymer particles of polystyrene, polym thyl methacrylate or the like, and bonding of polysiloxane or the like 
on at I astthesurfac ofth polym r particles. Th resulting polycondensate may b directly bonded to the functional 
group of the polymer particl s, or it may be bonded via a silane coupling agent or th like. 

[0032] For production of the composite particles, silica particles or alumina particles may also b used instead of an 
5 alkoxysilane. These may also b held by int rtwining with the polysiloxan , and th y may also be chemically bonded 
to th polymer particles by th ir functional groups, such as hydroxyl groups. 

[0033] Composite particles may be the particles composed of organic particles and inorganic particles bonded by 
electrostatic force, which are formed from an aqueous dispersion containing organic particles and inorganic particles 
with zeta potentials of opposite signs. 
10 [0034] Composite particles composed of electrostatically bonded inorganic particles and organic particles will now 
be explained further. 

The zeta potentials of inorganic particles are highly pH-dependent and have an isoelectric point at which the 

potential is zero; the sign of the zeta potential reverses at around that point. 

On the other hand, the zeta potentials of organic particles are usually negative across the entire pH range, or 
is across a wide pH range except for the low pH range; however, by using organic particles with carboxyl groups, sulfonic 

acid groups or the like, it is possible to obtain organic particles with a more definite negative zeta potential. Organic 

particles with amino groups and the like have a positive zeta potential in specific pH ranges. 

[0035] Thus, by combining specific inorganic particles and organic particles and mixing them in a pH range at which 

their zeta potentials are of opposite signs, it is possible to form an integral composite of the inorganic particles and 
20 organic particles by electrostatic force. During the mixing, the zeta potentials may be of the same sign, and the pH 

adjusted thereafter so that the zeta potentials of the inorganic particles and organic particles are of opposite signs, 

thereby allowing integration of the inorganic particles and organic particles. 

[0036] The inorganic/organic composite particles used may be prepared by polycondensation of an alkoxysilane, 
aluminum alkoxide, titanium alkoxide or the like in the presence of particles integrally composed in this manner by 
25 electrostatic force, and bonding of polysiloxane or the like on at least the surface of the particles to form a composite. 
[0037] The form of the inorganic particles, organic particles and composite particles acting as the abrasive is pref- 
erably spherical. Here, "spherical" means roughly spherical with no acute angle portions, and not necessarily near- 
perfect spheres. Using a spherical abrasive will allow polishing at an adequate rate, with no scratching of the polishing 
surface during polishing. 

30 [0038] The mean particle size of the abrasive used for the aqueous dispersion of the present invention is preferably 
0.001 -30 |im. A mean particle size of less than 0.001 \in\ will sometimes prevent an adequately high polishing rate for 
a CMP process employing the aqueous dispersion. On the other hand, a mean particle size of greater than 30 urn may 
result in precipitation and separation of the abrasive, hampering efforts to achieve a stable aqueous dispersion. The 
mean particle size is preferably 0.002-3 urn, more preferably 0.005-1 \um and even more preferably 0.007-1 urn, and 

35 especially 0.01-0.7 urn. An abrasive with a mean particle size in this range can give a stable aqueous dispersion for 
CMP that has a high polishing rate without precipitation and separation of the particles. The mean particle size may 
be measured by observation using a laser diffusion diffraction measuring instrument or a transmission electron micro- 
scope. 

[0039] The abrasive content may be 0.01 -30 wt%, with respect to the aqueous dispersion at 1 00 wt%. 
40 For the aqueous dispersions described in Claims 1 to 7, the content is preferably 0.05-30 wt%, more preferably 

0.1-20 wt%, even more preferably 0.5-1 0 wt%, and especially 1 -7 wt%. 

For aqueous dispersions (a) and (b), the abrasive content is preferably 0.01-15 wt%, more preferably 0.1-5 wt%, 

and even more preferably 0.3-3 wt%. For aqueous dispersion (c), it is preferably 0.01 -1 5 wt%, more preferably 0.5-1 0 

wt% and even more preferably 1 -8 wt%. If the abrasive content is too low, it may not be possible to achieve an adequate 
45 polishing rate with the aqueous dispersion. On the other hand, if the abrasive content is too high, the cost is increased 

and the stability of the aqueous dispersion is undesirably lowered. 

[0040] The medium for the aqueous dispersion may be water or a mixture composed mainly of water (for example, 
a mixture of water and methanol). Water is most particularly preferred as the medium for the aqueous dispersion of 
the invention. 

so [0041] The aqueous dispersions described in Claims 1 to 7 may also contain a "polishing rate adjusting component" 
as described in Claim 3 in order to obtain the specified polishing rate ratio. Organic acids may be mentioned as polishing 
rate adjusting components, and the organic acids may be selected from within a wide range including monobasic acids, 
dibasic acids, hydroxyl acids, carboxyiate acids, chelated acids and non-chelated acids. As preferred organic acids 
th re may be mentioned acetic acid, adipic acid, butyric acid, capric acid, caproic acid, caprylic acid, citric acid, glutaric 

55 acid, glycolic acid, formic acid, fumaric acid, lactic acid, lauric acid, malic acid, mal ic acid, malonic acid, myristic acid, 
oxalic acid, palmitic acid, phthalic acid, propionic acid, pyruvic acid, st aric acid, succinic acid, tartaric acid, val ric 
acid and the like, any one or mor of which may be us d. 

[0042] Th dissociating portions of th se organic acids may be ither dissociated or non-dissociat dinth aqu ous 
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dispersion. Wh n the organic acid is a polyval nt acid such as a divaient or great r acid, th organic acid may be 
dissociat d as a monoval nt ion or it may be as a divai nt or greater ion. The cation in the dissociating portion which 
forms a pair with th organic acid ion may be a hydrogen ion, or it may be a cation deriv d from an additiv added to 
the aqueous dispersion if necessary (for example, ammonium ion, potassium ion, and the Itk ). For pr paration of the 

5 aqueous disp rsionofth inv ntion, the organic acid may b add d as an acid or as an organic acid salt. 

[0043] Maleic acid is particularly preferr d among the aforementioned organic acids as the polishing rate adjusting 
component used for the aqueous dispersions described in Claims 1 to 7. 

Maleic acid dissociates substantially in its total amount in aqueous dispersions. The cation forming the pair with 
the maleic acid ion may be hydrogen ion, or it may be a cation derived from an additive added to the aqueous dispersion 

10 if necessary (for example, ammonium ion or potassium ion), and potassium ion is preferred. The potassium ion also 
has an effect of improving the polishing rate, and it can give the aqueous dispersion an even greater polishing rate. 

For production of the maleic acid ion and potassium ion, it is most convenient and effective to use potassium 
maleate. The potassium ion used in the aqueous dispersion may be produced from potassium maleate, produced from 
potassium hydroxide used for adjustment of the pH of the aqueous dispersion, or derived from an additive added to 

15 the aqueous dispersion if necessary. 

[0044] The maleic acid ion concentration in the aqueous dispersion is preferably 0.005-1 mole/liter, and especially 
0.01 -0.5 mole/liter. This concentration range for the maleic acid ion can be achieved by adding at 0.06-11 .6 wt% (more 
preferably 0.1 -5.8 wt%) as maleic acid. 

If the maleic acid ion concentration is less than 0.005 mole/liter, the polishing rate maybe inadequate particularly 

20 for copper films and barrier metal films. On the other hand, if the maleic acid ion concentration is greater than 1 mole/ 
liter the polishing surface may undergo corrosion, and it may not be possible to obtain a satisfactory finished surface 
with high precision. The maleic acid ion concentration may be measured by ion chromatography. 

The potassium ion concentration may be any appropriate concentration, and is preferably 0.01-2 moles/liter and 
more preferably 0.02-1 mole/liter. In this case, a potassium ion concentration of less than 0.01 mole/liter may make it 

25 impossible to exhibit a sufficient improving effect on the polishing rate, while a concentration of over 2 moles/liter can 
tend to result in scratches. 

[0045] The aqueous dispersion described in Claims 1 to 7 preferably contains an oxidizing agent. Adding an oxidizing 
agent improves the polishing rate. 

A wide variety of oxidizing agents may be used, and appropriate oxidizing agents include oxidizing metal salts, 
30 oxidizing metal chelates, non-metallic oxidizing agents such as peracetic acid and periodic acid, iron-based ions of 
nitrates, sulfates, EDTA, citrates, potassium ferricyanides and the like, aluminum salts, sodium salts, potassium salts, 
ammonium salts, quaternary ammonium salts, phosphonium salts, or other cationic salts of peroxides, chlorates, per- 
chlorates, nitrates, permanganates, persulfates, and mixtures thereof. 

[0046] The "oxidizing agent" used is most preferably hydrogen peroxide. Hydrogen peroxide dissociates at least 
35 partially in aqueous dispersions, producing hydrogen peroxide ion. "Hydrogen peroxide" includes hydrogen peroxide 

molecule as well as the aforementioned hydrogen peroxide ion. 

The hydrogen peroxide ion concentration may be set as desired within a range of 0.01 -5.0 wt%, but is preferably 

from 0.05-3.0 wt%, and most preferably 0.07-1 .0 wt%. If the hydrogen peroxide concentration is less than 0.01 wt% it 

may not be possible to achieve polishing at an adequate rate, and if it exceeds 5.0 wt% the polishing surface may 
40 undergo corrosion. 

[0047] The aqueous dispersion of the invention may also contain a polyvalent metal ion with the effect of promoting 
the function of the hydrogen peroxide as an oxidizing agent, and can thus further improve the polishing rate. 

As polyvalent metal ions there may be mentioned metal ions such as aluminum, titanium, vanadium, chromium, 
manganese, iron, cobalt, nickel, copper, zinc, germanium, zirconium, molybdenum, tin, antimony, tantalum, tungsten, 
45 lead and cerium. Any one of these may be used, or two or more polyvalent metal ions may be used in combination. 

The polyvalent metal ion content may be up to 3000 ppm, and preferably from 10-2000 ppm, in the aqueous 
dispersion. 

The polyvalent metal ion may be produced by mixing with the aqueous medium a salt such as a nitrate, sulfate 
or acetate or a chelate containing a polyvalent metal element, and it may also be produced by mixing an oxide of a 

so polyvalent metal element. There may also be used a compound that produces a monovalent metai ion when mixed 
with the aqueous medium, but whose ion becomes a polyvalent metal ion by the oxidizing agent. Of these various salts 
and chelates, iron nitrate is preferred because of its particularly excellent effect of improving the polishing rate. 
[0048] The pH of the aqueous dispersion of Claims 1 to 7 is preferably adjusted to the range of 7-1 1 , more preferably 
8-11, ev n more pr ferably 8.5-10.5 and sp daily 9-10. Th pH adjustm ntmayb accomplished with an acid such 

55 as nitric acid or sulfuric acid, or with an alkali such as potassium hydroxide, sodium hydroxide or ammonium. If the pH 
ofth aqueous dispersion is b low 7, the etching ffect on working films of copper or th like is strong r,thust nding 
to produce more dishing and erosion. On the other hand, if the pH is above 11 th insulating film is xcessively polished, 
and a satisfactory wiring pattern cannot b obtain d: 
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[0049] An aqueous dispersion as d scrib d in Claims 8 to 15 contains a "heterocyclic compound". As heterocyclic 
compounds th re may be used compounds such as (1) quinolinecarboxylic acids such as 2-quinolinecarboxylic acid 
(quinaldinic acid), (2) indolizin s such as 7-hydroxy-5-methyl-1,3 I 4-triazaindolizin and (3) compounds with h tero- 
pentacycles such as benzotriazole, benzothiazole and benzothiadiazole, as well as (4) compounds with het roh xa- 
5 cycles such as diazin and triazine. Derivativ s of these heterocyclic compounds may also be used, bonded with amino 
groups, mercapto groups, short-chain alkyl groups of 1-3 carbons, and the like. 

[0050] As derivatives of compounds with heteropentacycles there may be mentioned 2-aminobenzothiazole, 2-ami- 
no-6-methylbenzothiazole, 2-mercaptobenzothiazole, 4-amino-1 ,2,4-triazole, 4-amino-3-hydrazino-5-mercapto- 
1 ,2,4-triazole, 3-mercapto-1 ,2,4-triazole and 3-mercapto-4-methyl-4H-1 ,2,4-triazole, 5-amino-1 H-tetrazole, 2-mercap- 
10 tpthiazoline, guanine, 1 -phenyl-5-mercapto-1 H-tetrazole, 1 H-tetrazole, 1 H4etrazble-1 -acetic acid, 1 -(2-dimethylami- 
noethyl)-5-mercaptotetrazole, 4,5-dicyanoimidazole, 2-amino-4,5-dicyano-1H-imidazole and 3H-1,2 f 3-triazolo[4,5-b] 
pyridin-3-ol. 

[0051] As derivatives of compounds with heterohexacycles there may be mentioned 3-amino-5,6-dimethyl-1 ,2,4-tri- 
azine, 2,4-diamino-6-diallylamino-1 ,3,5-triazine, benzoguanamine, thiocyanuric acid, melamine, 3-amino-5,6-dime- 
15 thyl-1 ,2,4-triazine, phthalazine and 2,3-dicyano-5-methylpyrazine. 

[0052] As heterocyclic compounds there may also be used derivatives of compounds with a heteropentacycle and 
a heterohexacycle. Such derivatives include adenine and guanine. 

[0053] As a heterocyclic compound for aqueous dispersion (a) it is preferred to use either or both quinaldinic acid 
or 7-hydroxy-5-methyl-1 ,3,4-triazaindolizine. For aqueous dispersion (b), benzotriazole is particularly preferred. For 
20 aqueous dispersion (c) it is preferred to use at least one from among benzotriazole, quinaldinic acid and 7-hydroxy- 
5-methyl-1 ,3,4-triazaindolizine. 

[0054] The content of the heterocyclic compound may be 0.0001-5 wt% with respect to 100 wt% of the aqueous 
dispersion. The content for aqueous dispersions (a) and (c) is preferably 0.001-1 wt%, and more preferably 0.01-0.5 
wt%. For aqueous dispersion (b), it is preferably 0.001 -0.5 wt%, and more preferably 0.01 -0.05 wt%. If the heterocyclic 
25 compound content is less than 0.0001 wt% it may not be possible to polish the copper film and barrier metal film at an 
adequate rate, and a longer time may be required for polishing, especially when the aqueous dispersion is used for 
polishing of a barrier metal film. Including the heterocyclic compound at 5 wt% can give an adequate effect, and there 
is no need to increase the content above this. 

[0055] An aqueous dispersion as described in Claims 8 to 15 contains an "organic acid". There is no restriction on 
30 the type of organic acid, and a wide range of organic acids may be used such as monobasic acids, dibasic acids, 
hydroxyl acids and carboxylate acids. Of these organic acids, those with 2 or more carboxyl groups per molecule are 
preferred. As such organic acids there may be mentioned (1 ) saturated acids such as oxalic acid, malonic acid, succinic 
acid, glutaric acid and adipic acid, (2) unsaturated acids such as maleic acid and fumaric acid, (3) aromatic acids such 
as phthalic acid and (4) hydroxyl acids such as lactic acid, malic acid, tartaric acid and citric acid. Preferred among 
35 these organic acids are malonic acid, succinic acid, maleic acid, lactic acid and citric acid. 

[0056] The content of the organic acid in an aqueous dispersion according to Claims 8 to 15 may be 0.01-10 wt%, 
especially 0.1-5 wt%, and more preferably 0.3-3 wt%, with respect to 1 00 wt% of the aqueous dispersion. If the organic 
acid content is less than 0.01 wt%, it may not be possible to polish copper films and barrier metal films at an adequate 
rate, and the stability of the aqueous dispersion is reduced. Adding the organic acid at 5 wt% sufficiently improves the 
40 polishing rate, and there is no need to increase the content above this. 

[0057] The content also includes cases where a portion of the organic acid is present in ion form. That is, it is the 
amount thereof included in the dispersion. 

[0058] An aqueous dispersion as described in Claims 8 to 15 also contains an "oxidizing agent". As oxidizing agents 
there may be used (1 ) persulfates such as ammonium persulfate and potassium persulfate, (2) hydrogen peroxide, (3) 

45 inorganic acids such as nitric acid and sulfuric acid, (4) organic peroxides such as peracetic acid, perbenzotc acid and 
tert-butylhydroperoxide, and (5) polyvalent metal salts including permanganic acid compounds such as potassium 
permanganate and dichromic acid compounds such as potassium dichromate. Particularly preferred as oxidizing 
agents are hydrogen peroxide, persulfates such as potassium persulfate and ammonium persulfate, and inorganic 
acids such as nitric acid and sulfuric acid. Persulfates can improve the polishing rates of both copper films and barrier 

50 metal films, and can be suitably used regardless of the degree of polishing of the copperf ilm in the first stage of polishing. 
[0059] The oxidizing agent content may be 0.01 -1 0 wt%, preferably 0.05-5 wt% and more preferably 0.1-3 wt%, with 
respect to 100 wt% of the aqueous dispersion. If the oxidizing agent content is less than 0.01 wt%, It may not be 
possible to polish the copper film and barrier metal film at an adequate rate, and a longer time may be required when 
the aqueous dispersion is used for polishing of a barrier metal film. Adding the oxidizing agent at 10 wt% sufficiently 

55 improv s th polishing rate, and there is no need to incr as the content abov this. 

[0060] An aqueous disp rsion as described in Claims 8 to 15 may also contain a "surfactant". As surfactants th re 
may be used cationic surfactants, anionic surfactants or non-ionic surfactants. Anionic surfactants are particularly 
preferred, and as anionic surfactants th r may be m ntion d (1 ) carboxylates such as fatty acid soaps and alkyleth r 
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carboxylates, (2) sulfonat s such as alkylbenzen sulfonat s, alkylnaphthal nesulfonates and a-olefinsulfonat s, (3) 
sulfat st rs such as high r alcohol su If at esters, alkyl th r sulfates and polyoxy thylene alkylph nylether sulfates, 
and (4) phosphate st rs such as alkylphosphat st rs. Pr f rr d among th s anionic surfactants ar sulfonat s, 
with potassium dodecylb nzen sulfonat and and ammonium dodecylbenz nesulfonate being particularly preferred. 

5 [0061] The surfactant content for aqueous dispersions (a) and (b) may b 0.0001 -5 wt%, especially 0.001 -0.5 wt% 
and more preferably 0.01-0.2 wt% with r spect to 100 wt% of th aqu ous dispersion. Th content is pr f rably not 
less than 0.0001 wt% because the polishing rate may not be adequately improved. On the other hand, it is preferably 
not over 5 wt% because the polishing rate may be considerably reduced particularly for copper. For aqueous dispersion 
(c), a surfactant may be added at less than 0.0001 wt%, but addition of a surfactant can lower the polishing rate for 

10 insulating films, and therefore it is preferred not to use a surfactant. 

[0062] The pH of an aqueous dispersion as described in Claims 8 to 15 may be from 5 to below 8.5 for aqueous 
dispersion (a), and is preferably 6 to below 8 and more preferably 6.5 to below 8. With a pH within this range, the 
barrier metal film is polished at a sufficient rate while polishing of the insulating film is minimized so that excessive 
polishing of the insulating film does not occur. On the other hand, the pH for aqueous dispersions (b) and (c) may be 

is 8.5 to 12, preferably 8.5 to 11 and more preferably 8.5 to 10. With a pH within this range, the barrier metal film is 
polished at a sufficient rate. In particular, aqueous dispersion (c) with a pH adjusted to within this range accomplishes 
polishing of barrier metal films at a sufficient rate as well as suitable polishing of insulating films, it is therefore useful 
as an aqueous dispersion for a third stage of polishing. 

[0063] Polishing of a working film for a semiconductor device can be accomplished with a commercially available 
20 chemical mechanical polishing apparatus (such as Model "LGP510" or "LGP552" by Lapmaster SFT Co., Ltd.; Model 
■EPO-112", "EPO-113" and "EPO-222" by Ebara Laboratories Co., Ltd.; Model "Mirra" by Applied Materials Corp.; and 
Model "AVANTI-472" by Aipec Corp.). For the polishing, it is preferred for the abrasive remaining on the polishing 
surface to be removed after polishing. The abrasive may be removed by a common washing method. When the abrasive 
consists of organic particles, the polishing surface may be heated to high temperature in the presence of oxygen to 
25 burn off the particles for their removal. The burning method used may be an ashing treatment method with plasma 
whereby particles are exposed to the oxygen plasma, oxygen radicals are supplied in a downflow, or the like; this allows 
the residual organic particles to be easily removed from the polishing surface. 

[Embodiments of the Invention] 

30 

[0064] The present invention will now be explained in greater detail by way of examples. 

[1] Preparation of aqueous dispersions containing abrasive 

35 (1) Preparation of aqueous dispersions containing inorganic particles 

Synthesis Example 1 [Preparation of aqueous dispersions containing fumed silica or fumed alumina] 

[0065] After placing 100 g of fumed silica particles (product name: "Aerosil #90", Nippon Aerosil Co., Ltd.) and fumed 
40 alumina particles (product name: "Aluminum Oxide C", Degusa Corp.) in a 2-liter volume polyethylene bottle, ion- 
exchanged water was charged in to an amount giving a total of 1000 g. The particles were then dispersed with an 
ultrasonic disperserto prepare aqueous dispersion (Ala) containing 1 0 parts by weight (hereunder referred to as "parts") 
of fumed silica particles and aqueous dispersion (Alb) containing 10 parts of fumed alumina particles. 

45 Synthesis Example 2 [Preparation of aqueous dispersions containing colloidal silica] 

[0066] After loading 70 g of ammonia water at a 25 wt% concentration, 40 g of ion-exchanged water, 1 75 g of ethanol 
and 21 g of tetraethoxysilane into a 2-liter volume flask, the mixture was heated to 60°C while stirring at 1 80 rpm, and 
after continuing the stirring at this temperature for 2 hours, the mixture was cooled to obtain a colloidal silica/alcohol 
so dispersion with a mean particle size of 230 nm. An evaporator was then used for several repetitions of a procedure in 
which the alcohol portion was removed while adding ion-exchanged water to the dispersion at a temperature of 80°C, 
and the alcohol in the dispersion was thereby removed to prepare aqueous dispersion (A2a) with a solid content of 8 
wt%. 

[0067] Aqueous dispersion (A2b) containing silica particles with a mean particle size of 30 nm was prepared in the 
55 same manner as above xcept that 35 g of thanol was us d and 15 g of t tra thoxysilan was used. 

[0068] Aqu ous disp rsion (A2c) containing silica particl s with a mean particl size of 15 nm was prepar d in th 
same manner as above xcept that 45 g of ethanol was used and 25 g of tetra thoxysilan was used. 
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(2) Preparation of aqueous dispersions containing abrasive composed of composite particles 

Synthesis Exampl 3 [Preparation of aqueous disp rsion containing composit particles consisting of polymethyl 
methacrylate particles and silica particles] 

1) Production of aqueous dispersion containing polymer particles 

[0069] After charging 90 parts of methyl methacrylate, 5 parts of methoxypolyethyleneglycol methacrylate (trade 
name: "NIK Ester M-90G", #400, product of Shinnakamura Chemical Industries Co., Ltd.), 5 parts of 4-vinylpyridine, 2 
parts of an azo-based polymerization initiator (trade name "VSO", product of Wako Junyaku Co., Ltd.) and 400 parts 
of ion-exchanged water into a 2-liter volume flask, the contents were heated to 70°C while stirring under a nitrogen 
gas atmosphere, for 6 hours of polymerization. This yielded an aqueous dispersion containing polymethyl methacrylate- 
based particles with a mean particle size of 150 nm, having amino group cations and polyethylene glycol chain-bearing 
functional groups. The polymerization yield was 95%. 

2) Production of aqueous dispersion containing composite particles 

[0070] After loading 1 00 parts of this aqueous dispersion containing 1 0 wt% polymethyl methacrylate-based particles 
which was obtained in 1 ) above into a 2-liter volume flask, 1 part of methyftrimethoxysilane was added and the mixture 
was stirred at 40°C for 2 hours. The pH was then adjusted to 2 with nitric acid to obtain aqueous dispersion (i). Also, 
the pH of an aqueous dispersion containing 10 wt% of colloidal silica particles (product name: "Snowtex O", product 
of Nissan Chemical Industries Co., Ltd.) was adjusted to 8 with potassium hydroxide to obtain aqueous dispersion (ii). 
The zeta potential of the polymethyl methacrylate-based particles in aqueous dispersion (i) was +1 7 mV, and the zeta 
potential of the silica particles in aqueous dispersion (ii) was -40 mV. 

[0071] After then gradually adding and mixing 50 parts of aqueous dispersion (ii) to 1 00 parts of aqueous dispersion 
(i) over a period of 2 hours and stirring for 2 hours, there was obtained an aqueous dispersion containing particles 
consisting of silica particles adhered to the polymethyl methacrylate-based particles. Next, 2 parts of vinyltriethoxysilane 
was added to this aqueous dispersion, and after stirring for one hour, 1 part of tetraethoxysilane was added, and the 
mixture was heated to 60°C and then continually stirred for 3 hours and cooled to obtain aqueous dispersion (A3) 
containing composite particles. The mean particle size of the composite particles was 180 nm, and the silica particles 
were adhered to 80% of the surface of the polymethyl methacrylate-based particles. 

[2] Preparation and evaluation of aqueous dispersions for CMP (1) Example 1 

[0072] Aqueous dispersion (Ala) containing fumed silica prepared in Synthesis Example 1 was mixed with ion-ex- 
changed water to 5 parts of fumed silica and to 1 wt% and 0.1 wt% concentrations of potassium maleate and hydrogen 
peroxide, respectively, and the pH was adjusted to 9.5 with potassium hydroxide to obtain an aqueous dispersion for 
CMP. 

Examples 2-9 

[0073] Aqueous dispersions for CMP having specific pH values were obtained in the same manner as Example 1 
except that the abrasive types and mixing contents, as well as the mixing contents of potassium maleate and hydrogen 
peroxide, were changed as shown in Table 1 . 

Comparative Example 1 

[0074] An aqueous dispersion for CMP having a specific pH was obtained in the same manner as Example 1 , except 
that no polishing rate adjusting component was added. 

Comparative Examples 2-6 

[0075] Aqueous dispersions for CMP having specific pH values were obtained in the same manner as Example 1 
except that th abrasive types and mixing contents , the polishing rate adjusting component types and mixing contents, 
and the mixing cont ntofhydrog np roxid , were changed as shown in Table 2. In Comparative Exampl 5, howev r, 
nitric acid was used instead of potassium hydroxide for adjustment to the sp cific pH. 

[0076] The aqueous dispersions for CMP of Examples 1 -9 and Comparative Examples 1 -6 were used for polishing 
of an 8-inch copp r film-coated waf r, an 8-inch tantalum film-coated wafer, an 8-inch tantalum nitride film-coated wafer 
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and an 8-inch plasma TEOS film-coated wafer. 

[0077] A Model "LGP-51 0" by Lapmast r Corp. was used as th polishing apparatus to polish films form d on each 
waf r under th following conditions, and the polishing rat wascalculat d according to the formula giv n below. 

5 Table rotation speed: 50 rpm 

Head rotation speed: 50 rpm 
Polishing pressure: 300 g/cm 2 
Aqueous dispersion supply rate: 100 ml/min. 
Polishing time: 1 min. 

10 Polishing pad: Two-layer structure of Product No. IC1 000/SUBA400, by Rodel-Nitta Co., Ltd. 

Polishing rate (A/min) = [(thickness of film before polishing) - (thickness of film after polishing)]/polishing time. 

[0078] The thickness of each of the copper, tantalum and tantalum nitride films was determined by measuring the 
sheet resistance by the direct current 4-probe method using a resistivity measuring instrument (Model "Z-5" by NPS 
15 Corp.), and calculating the thickness from the sheet resistance value and the copper or tantalum resistivity based on 
the following formula. 

Thickness (A) of copper, tantalum or tantalum nitride film 

20 2 -8 

= [copper, tantalum or tantalum nitride resistivity (Q/cm)/ sheet resistance value (Q/cm )]. x 10 

[0079] The thickness of the insulating film was measured with an interference film thickness probe (Model "FTPSOO" 
by Sentech Corp.). 

25 [0080] Scratches on the copper film were evaluated by irradiating the sample with a spotlight in a dark room and 
visually observing the presence of any scratches. 

[0081] Scratches on the insulating film were evaluated by photographing with a differential interference microscope 
and counting the number of scratches in a visual field of 1 00 urn x 100 u.m. 
[0082] The results are shown in Tables 1 and 2. 
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[0083] According to the resutts shown in Table 1 , the aqueous dispersions of Examples 1-9 containing 1-3 parts of 
potassium maieate and 0.1-3 parts of hydrogen peroxide all had copper film and tantalum film and/or tantalum nitride 
film polishing rate ratios (Rci/ r bm) and copper film and insulating film polishing rate ratios (-Roj/Rin) In 'the range of 
55 0.5-2. Particularly, Exampl s 4 to 6 which used composite particl s or mixtur s of composit particl s and fumed silica 
asth abrasiv had l\^R BM and R c yR in ratios in the rang of 0.8-1.2, and xhibit dv ry few scratches of th copper 
film and insulating film, while giving finished surfac s with sufficient flatness and high precision. 
[0084] According to th r suits shown in Tabl 2, Comparative Exampl s 1-5 had ither v ry large or very small 
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copper film and tantalum film and/or tantalum nltrld film polishing rat ratios (R C i/Rbm) and copper film and Insulating 
film polishing rate ratios (Rcu/R| n ), and xhibited finished surfaces with insuffici nt flatness. 

In Comparative Example 6 which used a first-stag aqu ous dispersion with Rci/Rbm = 100 - tn copper film . 
polishing rate R Cu was high, but the copp r film and tantalum film and/or tantalum nitrid film polishing rate ratio (RqJ 
5 R BM ) and the copper film and insulating film polishing rate ratio (Rci/ R in) were botn sr^,a,, ' and sufficj nt flatness could 
not be achieved for the finished surface. 

Example 10 

10 [0085] On the surface of a silicon substrate there was laminated an insulating film bearing a pattern formed by grooves 
with a depth of 1 urn and different widths of 5 pjn, 1 0 p.m, 25 \im, 50 jim, 75 jim and 1 00 urn. A 300 A TaN film was 
then formed on the surface of the insulating film, and then copper was accumulated to 1 .3 pjn by sputtering and plating 
in the grooves covered with the TaN film, to fabricate a wafer. 

A Model "LGP-51 0" by Lapmaster SFT Co., Ltd. was used as the polishing apparatus for. two-stage polishing of 

is the fabricated wafer under the following conditions. In the first stage of polishing, however, a fumed silica-based aque- 
ous dispersion (Rqi/Rbm = 30) was used as the aqueous dispersion for 3 minutes of polishing, after which a second 
stage of polishing was carried out using the same aqueous dispersion as Example 5, until the remaining copper and 
TaN were completely removed. 

20 Table rotation speed: 50 rpm 

Head rotation speed: 50 rpm 
Polishing pressure: 300 g/cm 2 
Aqueous dispersion supply rate: 100 ml/min. 

Polishing pad: Two-layer structure of Product No. IC1 000/SUBA400, by Rodel-Nitta Co., Ltd. 
25 After the polishing, a surface roughness meter (Model °P-10" by KLA-Tencor Corp.) was used to measure the 

dishing in the 100 ^m-width copper wiring, which was found to be 450 A. 

Example 11 

30 [0086] Two-stage polishing was carried out in the same manner as Example 10 except for using the same aqueous 
dispersion used in Example 6 as the aqueous dispersion for the second stage of polishing; the dishing of a 100 \im 
copper wiring was measured. 

The dishing of the 1 00 ^im copper wiring after completion of polishing was 470 A. 

35 Comparative Example 7 

[0087] Two-stage polishing was carried out in the same manner as Example 1 0 except for using the same aqueous 
dispersion used in Comparative Example 3 as the aqueous dispersion for the second stage of polishing; the dishing 
of a 1 00 \im copper wiring was measured. 
40 The dishing of the 100 \xm copper wiring after completion of polishing was 3500 A. 

[0088] Examples 1 0 and 1 1 obtained by the polishing process of the invention produced less than 500 A of dishing 
in a 100 \im copper wiring after completion of polishing, and the finished surfaces obtained were sufficiently flattened 
and highly precise. Comparative Example 7, however, had large dishing of 3500 A in a 100 urn copper wiring after 
completion of polishing, and the finished surface was insufficiently flattened. 

45 

[3] Preparation and evaluation of aqueous dispersions for CMP (2) Examples 12-24 

[0089] Prescribed amounts of the aqueous dispersions prepared in Synthesis Examples 1 to 3 were each charged 
into a 1 -liter volume polyethylene bottle, and the heterocyclic compounds and organic acids listed in Tables 3 to 5 were 

50 added to the contents also listed in Tables 3 to 5 and thoroughly mixed therewith. Aqueous solutions of the oxidizing 
agents and surfactants listed in Tables 3 to 5 were then added to the contents listed in Tables 3 to 5 while stirring 
(where Examples 21-24 in Table 5 were compositions containing no surfactant). Next, an aqueous potassium hydroxide 
solution or ammonia water was added to adjust the pH to the values listed in Tables 3 to 5, after which ion-exchanged 
water was added and the solutions w re filtered with a 5 jxm pore filter to obtain aqueous disp rsions for CMP for 

55 Examples 12 to 24. 

Th "HMT"inTabl s4and5repr sents 7-hydroxy-5-methyl-1,3,4-triazaindolizin . 

The aqueous dispersions of Examples 12 to 24 wer used for polishing of an 8-inch copper film-coat d wafer 
(represented as "Cu w in Tables 3-5), an 8-inch tantalum film-coated wafer (r presented as Ta" in Tables 3-5), an 8-inch 
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plasma TEOS film-coat d wafer (repr s nted as "PETEOS" in Tabl s 3-5) and an B-inch silsesquioxane film-coated 
waf r (repres nt d as "low-k" in Tabl s 3-5). The polishing apparatus and polishing conditions employ d were as 
follows. 

Polishing apparatus: Model "LGP51 0" by Lapmast r SFT Corp. 
5 Polishing pad: Product name: tt IC1000-050-(603)-(P)-S400J", by Rod I Corp. (U.S.) 

Carrier load: 300 g/cm 2 
Carrier rotation speed: 80 rpm 
Table rotation speed: 1 00 rpm 
10 Aqueous dispersion supply rate: 200 ml/min. 

Polishing time: 3 minutes 
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[0090] The polishing rate was calculated according to th following formula. The results are shown in Tables 3 to 5. 
Polishing rate (A/min) = [(thickness of film b fore polishing) - (thickn ss of film after polishing)/polishing time] 

5 

[0091] The thickness of each of the copper and tantalum films was d t rmin d by measuring the sheet resistance 
by the direct current 4-probe method using a resistivity measuring instrument (Model "Z-5 n by IMPS Corp.), and calcu- 
lating the thickness from the sheet resistance value and the copper or tantalum resistivity based on the following 
formula. 

10 

Thickness (A) of copper or tantalum film = [copper or tantalum 
resistivity (Q/cm)/ sheet resistance value (Q/cm 2 )] x 1 0' 8 

15 

[0092] The thickness of the insulating film was measured with an interference film thickness probe (Model M FTP500" 
by Sentech Corp.). 

[0093] According to the results shown in Tables 3 to 5, the aqueous dispersions of Examples 1 2 to 24 which contained 
prescribed amounts of heterocyclic compounds, organic acids and oxidizing agents, with surfactants when necessary, 

20 had polishing rate ratios for the copper films, barrier metal films and insulating films that varied across a wide range 
depending on the composition. It was demonstrated that the types and amounts of heterocyclic compounds, organic 
acids and oxidizing agents can be changed for optimal adjustment of the aqueous dispersion for the second stage or 
third state of polishing. It is believed that the aqueous dispersions of Examples 12 to 24 may therefore be used to 
easily obtain finished surfaces with sufficient flatness and high precision when polishing working films formed on sem- 

25 iconductor substrates. 

[0094] There are provided aqueous dispersions for CMP that can efficiently polish both copper films and barrier metal 
films, which can give sufficient flattened finished surfaces without excessive polishing of insulating films, as well as a 
CMP process employing the aqueous dispersions. The aqueous dispersions for CMP according to the invention are 
characterized in that for polishing of a copper film, barrier metal film and insulating film under the same conditions, the 

30 polishing rate ratio (Rc u /r bm) of the C0 PP er fi,m (Rcu) and the barrier meta! f jlm ( r bm) ls such tnat 05 - r Cu /r bm * 2 » 
and the polishing rate ratio (R^/R^) of the copper film (R Cu ) and the insulating film (R, n ) is such that 0.5 £ Rc»/ R in ^ 
2. Other aqueous dispersions for CMP according to the invention are characterized in that they contain an abrasive, 
a heterocyclic compound, an organic acid and an oxidizing agent, and for polishing of a copper film, barrier metal film 
and insulating film under the same conditions, the polishing rate ratio (Rcu/Rqm) of the copper film (Rc u ) and the barrier 

35 metal film (R^) is such that 0 < Rci/ r bm ^ 5 « and the polishing rate ratio (Riq/Rbm) of the insulating film (R| n ) and the 
barrier metal film (R BM ) is such that 0 < RJRbm ^ 2. The CM P process of the invention is characterized by using these 
aqueous dispersions for CMP in the second stage of two-stage polishing, in the second stage of three-stage polishing 
or in the third stage of three-stage polishing. 

40 

Claims 

1. An aqueous dispersion for chemical mechanical polishing characterized in that, for polishing of a copper film, 
barrier metal film and insulating film under the same conditions, the ratio (Ro^bm) of the polishing rate for said 

45 copper film (R Cu ) and the polishing rate for said barrier metal film (R BM ) is such that 0.5 < Ro/Rbm * 2 « and tne 

ratio (Rcu/Rm) of the polishing rate for said copper film (Rc u ) and the polishing rate for said insulating film (R, n ) is 
such that 0.5 < R Cu /R, n < 2. 

2. An aqueous dispersion for chemical mechanical polishing according to Claim 1 , wherein said barrier metal film is 
so composed of tantalum and/or tantalum nitride. 

3. An aqueous dispersion for chemical mechanical polishing according to Claim 1 or 2, which contains at least an 
abrasive, water and a polishing rate adjusting component. 

55 4. An aqueous dispersion for chemical mechanical polishing according to Claim 3, wher in said abrasive consists of 
at I ast one type of particles selected from among inorganic particles, organic particl s and inorganic/organic 
composite particles. 
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5. An aqueous dispersion for chemical m chanical polishing according to Claim 3, wherein said polishing rate ad- 
justing component is maleic acid ion. 

6. Anaqu ous dispersion for chemical mechanical polishing according to Claim 5, wher in th cone ntration of said 
5 maleic acid ion is 0.005-1 mole/lit r. 

7. An aqueous dispersion for chemical mechanical polishing according to any one of Claims 1 to 6, wherein the pH 
is 7-11. 

io 8. An aqueous dispersion for chemical mechanical polishing characterized in that it contains an abrasive, a hetero- 
cyclic compound, an organic acid and an oxidizing agent, and for polishing of a copper film, barrier metal film and 
insulating film under the same conditions, the ratio (Ro/Rbm) of the polishing rate for said copper film (R^) and 
the polishing rate for said barrier metal film (R BM ) is such that 0 < Rci/ r bm ^ 5, and the ratio (R^bm) ol the 
polishing rate for said insulating film (R (n ) and the polishing rate for said barrier metal film R BM is such that 0 < R !r / 

9. An aqueous dispersion for chemical mechanical polishing according to Claim 8, wherein the pH is below 8.5, said 
ratio Rci/R BM is such that 0.5 < R Ci /Rbm - 5 > and said ratio R ir/ R BM js such 0 < R ir/ R BM s 01 • 

20 10. An aqueous dispersion for chemical mechanical polishing according to Claim 9, wherein said heterocyclic com- 
pound is either or both quinaldinic acid or 7-hydroxy-5-methyl-1 ,3,4-triazaindolizine. 

11. An aqueous dispersion for chemical mechanical polishing according to Claim 8 or 9, which further contains a 
surfactant at 0.0001-0.1 wt%. 

25 

12. An aqueous dispersion for chemical mechanical polishing according to Claim 8, wherein the pH is 6.5 or above, 

said ratio R Ci /Rbm ' s such that 0 < r o/ r bm £ 0.1 , said ratio R|,/Rbm ' s such that 0 < r Ii/ r bm 5 °1 ». and which 
further contains a surfactant at 0.0001-0.1 wt%. 

30 13. An aqueous dispersion for chemical mechanical polishing according to Claim 12, wherein said heterocyclic com- 
pound is benzotriazoie. 

14. An aqueous dispersion for chemical mechanical polishing according to Claim 8, wherein the pH is 8.5 or above, 
said ratio R Cu /R BM is such that 0 < Rcu^bm * 005 > and said ratio R ir/ R BM is such that °- 1 < R ir/ R BM 5 2 - 

35 "' ' ' ' 1 

15. An aqueous dispersion for chemical mechanical polishing according to Claim 14, wherein said heterocyclic com- 
pound is at least one from among benzotriazoie, quinaldinic acid and 7-hydroxy-5-methyl-1 ,3,4-triazaindolizine. 

16. A chemical mechanical polishing process characterized by comprising 

40 

a first stage of chemical mechanical polishing which employs an aqueous dispersion for chemical mechanical 
polishing with a ratio (Rq/Rbm) of the polishing rate for copper films (R^) and the polishing rate for barrier 
metal films (R BM ) of 20 or greater, and 

a second stage of chemical mechanical polishing which employs an aqueous dispersion for chemical mechan- 
45 ical polishing according to any one of Claims 1 to 7. 

17. A chemical mechanical polishing process characterized in that the second stage of chemical mechanical polishing 
of a polishing process comprising two stages of chemical mechanical polishing is carried out using an aqueous 
dispersion for chemical mechanical polishing according to any one of Claims 9 to 15. 

so 

18. A chemical mechanical polishing process characterized in that the second stage of chemical mechanical polishing 
of a polishing process comprising three stages of chemical mechanical polishing is carried out using ah aqueous 
dispersion for chemical mechanical polishing according to any one of Claims 9 to 11 . 

55 19. A chemical mechanical polishing proc ss characteriz din that th third stag ofch mical m chanical polishing 
of a polishing process comprising three stages of chemical mechanical polishing is carri d out using an aqueous 
dispersion for chemical mechanical polishing according to any one of Claims 1 2 to 15. 
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